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(54) Titanium oxide, photocatalyst comprising same and photocatalytic coating agent 



(57) Titanium oxide having an index X 1 calculated 
by the following equation (I): 



X^B^A, (I) 



of not more than about 0.90, and 

an index Y-, calculated by the following equation (II): 



Y 1 = D 1 /C 1 (II) 



of not less than about 0.075, 

wherein and B 1 represent respective half-widths of 
peaks, which are obtained by the process consisting of 
the steps: 

(i) analyzing titanium oxide eight times according to 
an X-ray photoelectron spectroscopy, 

(ii) obtaining an integrated spectrum of an electron 
state of titanium with respect to the above first anal- 
ysis and the second analysts, 

(iii) obtaining a half-width, of a peak within a 
binding energy range of from 458 eV to 460 eV with 
respect to the integrated spectrum obtained in the 
above step (ii), and 

(iv) carrying out the same steps as the above steps 
(ii) and (iii) with respect to the above seventh analy- 
sis and the eighth analysis to obtain a hatf-width, 
B^ of a peak, 

represents the integrated value of absorb- 



ance within a wavelength range of from 250 nm 
to 550 nm in measurement of an ultraviolet- vis- 
ible diffuse reflection spectrum of titanium 
oxide, and 

D-| represents the integrated value of absorb- 
ance of titanium oxide within a wavelength 
range of from 400 nm to 550 nm, 
is useful as a photocatalyst. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to titanium oxide, which exhibits a superior photocatalytic activity under irradi- 
ation of not only an ultraviolet light but also a visible light; a photocatalyst comprising said titanium oxide as a catalyst 
component; and a photocatalytic coating agent comprising said photocatalyst and a solvent. 

Background of the Invention 

10 

[0002] Titanium oxide is known as a substance exhibiting an oxidation activity or reduction activity under light irra- 
diation. Hereinafter, such a substance is referred to as a photocatalyst. A photocatalyst containing said titanium oxide 
is available commercially. When such a photocatalyst is contacted with, for example, bad-smelling substances present 
in a living space and working space, or undesired substances such as organic solvents, agricultural chemicals and sur- 
15 face active agents present in water, said bad-smelling substances or undesired substances can be decomposed. 

[0003] However, said commercially available photocatalyst cannot exhibit a superior photocatalytic activity under 
visible light irradiation, although it can exhibit a superior photocatalytic activity under ultraviolet light irradiation. 

Summary of the invention 

20 

[0004] Accordingly, an object of the present invention is to provide titanium oxide, which exhibits a superior photo- 
catalytic activity under irradiation of visible light as well as ultraviolet light. 

[0005] Another object of the present invention is to provide a photocatalyst comprising said titanium oxide as a cat- 
alyst component. 

25 [0006] A further object of the present invention is to provide a photocatalytic coating agent comprising said photo- 
catalyst and a solvent. 

[0007] The present inventors have undertaken extensive studies about a photocatalyst. As a result, the present 
inventors have found a specific titanium oxide, which exhibits a superior photocatalytic activity under irradiation of visi- 
ble light as well as ultraviolet light And thereby the present invention has been obtained. 
30 [0008] The present invention provides titanium oxide having a value of an index X 1 calculated by the following equa- 
tion (I) of not more than about 0.90, and a value of an index Y-, calculated by the following equation (II) of not less than 
about 0.075, 

X^B./A, (I) 

35 

y, = o,/c, (ii) 

wherein, as to the equation (I), A-, and B 1 stand for respective half-widths of peaks, which are obtained by the process 
consisting of the steps: 

40 

(i) analyzing titanium oxide eight times according to an X-ray photoelectron spectroscopy, 

(ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and the 
second analysis, 

(iii) obtaining a half -width, A-,, of a peak within a binding energy range of from 458 eV to 460 eV with respect to the 
45 integrated spectrum obtained in the above step (ii), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above seventh analysis and the 
eighth analysis to obtain a half-width, B-,, of a peak, and 

as to the equation (II), C 1 stands for an integrated value of absorbance within a wavelength range of from 250 nm 
to 550 nm in measurement of an ultraviolet-visible diffuse reflection spectrum of titanium oxide, and D-| stands for 
so an integrated value of absorbance of titanium oxide within a wavelength range of from 400 nm to 550 nm. 

[0009] Further, the present invention provides titanium oxide having a value of an index X-| calculated by the follow- 
ing equation (I) of not more than about 0.90, a value of an index Y A calculated by the following equation (II) of not less 
than about 0.075, and a value of an index Z-| calculated by the following equation (III) of not less than about 0.75, 

55 

X,=B,/A, (I) 
Y 1 = D 1 /C ., (II) 
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Z, =Y 1 xE 1 (III) 

wherein, as to the equation (I), A t and B t stand for respective half-widths of peaks, which are obtained by the process 
consisting of the steps: 

5 

(i) analyzing titanium oxide eight times according to an X-ray photoelectron spectroscopy, 

(ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and the 
second analysis, 

(iii) obtaining a half-width, A 1( of a peak within a binding energy range of from 458 eV to 460 eV with respect to the 
10 integrated spectrum obtained in the above step (it), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above seventh analysis and the 
eighth analysis to obtain a half-width, B v of a peak; as to the equation (II), C A stands for an integrated value of 
absorbance within a wavelength range of from 250 nm to 550 nm in measurement of an ultraviolet-visible diffuse 
reflection spectrum of titanium oxide, and D 1 stands for an integrated value of absorbance of titanium oxide within 

15 a wavelength range of from 400 nm to 550 nm; and as to the equation (III), stands for a crystallite size of titanium 

oxide. 

[0010] Still further, the present invention provides titanium oxide having a value of an index X t calculated by the fol- 
lowing equation (I) of not more than about 0.90, a value of an index Y 1 calculated by the following equation (II) of not 
20 less than about 0.075, a value of an index Z 1 calculated by the following equation (III) of not less than about 0.75, and 
a value of an index \N A calculated by the following equation (IV) of not less than about 0.40, 

X 1 =B 1 /A 1 (I) 

25 Yi=D^/C, (II) 

Z, =Y, xE, (III) 

W^Y! xE 1 xf, (IV) 

30 

wherein, as to the equation (I), A 1 and B A stand for respective half-widths of peaks, which are obtained by the process 
consisting of the steps: 

(i) analyzing titanium oxide eight times according to an X-ray photoelectron spectroscopy, 

35 (ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and the 
second analysis, 

(iii) obtaining a half-width, A 1f of a peak within a binding energy range of from 458 eV to 460 eV with respect to the 
integrated spectrum obtained in the above step (ii), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above seventh analysis and the 
40 eighth analysis to obtain a half-width, B 1 of a peak, and as to the equation (II), stands for an integrated value of 

absorbance within a wavelength range of from 250 nm to 550 nm in measurement of an ultraviolet- visible diffuse 
reflection spectrum of titanium oxide, and D<\ stands for an integrated value of absorbance of titanium oxide within 
a wavelength range of from 400 nm to 550 nm; 

as to the equation (III), E-, stands for a crystallite size of titanium oxide; and 
45 as to the equation (IV), F-, stands for a degree of anatase crystallinity titanium oxide. 

[0011] The present invention also provides titanium oxide having a value of an index V-, calculated by the following 
equation (V) of not more than about 0.97, 

50 V^H^G, (V) 

wherein, as to the equation (V), and H<, stand for respective half-widths of peaks, which are obtained by the process 
consisting of the steps: 

55 (i) analyzing titanium oxide four times according to an X-ray photoelectron spectroscopy, 

(ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and the 
second analysis, 

(iii) obtaining a half-width, G 1( of a peak within a binding energy range of from 458 eVto 460 eV with respect to the 
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integrated spectrum obtained in the above step (ii), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above third analysis and the 
fourth analysis to obtain a half-width, H 1f of a peak. 

5 [0012] Further, the present invention provides titanium oxide having a value of an index calculated by the follow- 
ing equation (V) of not more than about 0.97, a value of an index calculated by the following equation (VI) of not less 
than about 0.14, 

V^H^G, (V) 

w 

U, =J 1 /i 1 (VI) 

wherein, as to the equation (V), G 1 and H-j stand for respective half-widths of peaks, which are obtained by the process 
consisting of the steps: 

15 

(i) analyzing titanium oxide four times according to an X-ray photoeiectron spectroscopy, 

(ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and the 
second analysis, 

(iii) obtaining a half-width, G 1( of a peak within a binding energy range of from 458 eVto 460 eV with respect to the 
20 integrated spectrum obtained in the above step (ii), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above third analysis and the 
fourth analysis to obtain a half-width, H 1( of a peak; and 

as to the equation (VI), h stands for an integrated value of absorbance within a wavelength range of from 220 nm 
to 800 nm in measurement of an ultraviolet-visible diffuse reflection spectrum of titanium oxide, and J-, stands for 
25 an integrated value of absorbance of titanium oxide within a wavelength range of from 400 nm to 800 nm. 

[0013] The present invention still further provides a photocatalyst comprising titanium oxide mentioned above as a 
catalyst component. 

[0014] In addition, the present invention provides a photocatalytic coating agent comprising said photocatalyst and 
30 a solvent. 

[0015] Further scope of applicability of the present invention will become apparent from the detailed description 
given hereinafter. However, it should be understood that the detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the art from this detailed description. 

35 

Brief Description of Drawing 

[0016] The present invention will become more fully understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of illustration only, and thus are not limitative of the present 
40 invention. 

Fig. 1 shows a relationship between wavelength and transmittance of an ultraviolet cut-off filter. 

Rg. 2 shows a relationship between wavelength and transmittance of an infrared cut-off filter filter. 

Rg. 3 shows a spectrum, which was obtained by the first and second analyses of titanium oxide obtained in Exam- 

45 pie 1 according to an X-ray photoeiectron spectroscopy, and a spectrum, which was obtained by the seventh and 

eighth analyses of titanium oxide obtained in Example 1 according to an X-ray photoeiectron spectroscopy. 
Rg. 4 shows a spectrum, which was obtained by the first and second analyses of titanium oxide obtained in Exam- 
ple 2 according to an X-ray photoeiectron spectroscopy, and a spectrum, which was obtained by the seventh and 
eighth analyses of titanium oxide obtained in Example 2 according to an X-ray photoeiectron spectroscopy. 

so Fig. 5 shows a spectrum, which was obtained by the first and second analyses of titanium oxide obtained in Com- 

parative Example 1 according to an X-ray photoeiectron spectroscopy, and a spectrum, which was obtained by the 
seventh and eighth analyses of titanium oxide obtained in Comparative Example 1 according to an X-ray photoeiec- 
tron spectroscopy. 

Rg. 6 shows a spectrum, which was obtained by the first and second analyses of titanium oxide obtained in Com- 
55 parative Example 2 according to an X-ray photoeiectron spectroscopy, and a spectrum, which was obtained by the 
seventh and eighth analyses of titanium oxide obtained in Comparative Example 2 according to an X-ray photoeiec- 
tron spectroscopy. 
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Detailed Description of the Invention 

[0017] Titanium oxide (Ti0 2 ) in accordance with the present invention has a titanium atom in a specific electron 
state. In order to show said electron state, the index X] calculated by the foregoing equation (I) is given, and its value 

5 is not more than about 0.90. The electron state can be explained by binding energy In general, titanium oxide having a 
small value of the index X^ is constituted with both a titanium atom of high binding energy electrons and a titanium atom 
of low binding energy electrons. When repeatedly irradiated with an X-ray, said titanium oxide is turned into titanium 
oxide which has a decreased titanium atom of high binding energy electrons. On the other hand, titanium oxide having 
a large value of the index X^ is constituted with a titanium atom of no high binding energy electrons. 

w [0018] In order to obtain the integrated spectrum, titanium oxide is firstly analyzed through the following five steps 
in this order with use of an X-ray photoelectron spectrometer, which uses carbon as a standard for determining a peak 
position. Here, a time required between the beginning of the first step and the completion of the fifth step is within 30 
minutes, during which titanium oxide is not exposed in the air. 

15 1 st step : analyzing an electron state of titanium two times, provided that a time per analysis is 60 seconds (the first 

and second analyses), 

2nd step : analyzing an electron state of oxygen two times, provided that a time per analysis is 56 seconds; ana- 
lyzing an electron state of carbon two times, provided that a time per analysis is 80 seconds; and analyzing an elec- 
tron state of titanium two times, provided that a time per analysis is 60 seconds (the third and forth analyses), 

20 3rd step : analyzing an electron state of oxygen two times, provided that a time per analysis is 56 seconds; analyz- 

ing an electron state of carbon two times, provided that a time per analysis is 80 seconds; and analyzing an elec- 
tron state of titanium two times, provided that a time per analysis is 60 seconds (the fifth and sixth analyses), 
4th step : analyzing an electron state of oxygen two times, provided that a time per analysis is 56 seconds; analyz- 
ing an electron state of carbon two times, provided that a time per analysis is B0 seconds; and analyzing an eiec- 

25 tron state of titanium two times, provided that a time per analysis is 60 seconds (the seventh and eighth analyses), 

and 

5th step : analyzing an electron state of oxygen two times, provided that a time per analysis is 56 seconds; and ana- 
lyzing an electron state of carbon two times, provided that a time per analysis is 80 seconds. 

30 [001 9] After that, X-ray photoelectron spectra are obtained as to respective analyses of from the first step to the fifth 
step, and thereafter, respective integrated spectra of an electron state of titanium are obtained as to the X-ray photo- 
electron spectrum in the first analysis and that in the second analysis. Similarly, respective integrated spectra of an 
electron state of titanium are obtained as to the X-ray photoelectron spectrum in the seventh analysis and that in the 
eighth analysis. 

35 [0020] A half-width of a peak is obtained from a peak of titanium present within a binding energy range of from 458 
eV to 460 eV in the integrated spectrum obtained above. When two or more peaks are found within the binding energy 
range of from 458 eV to 460 eV, a half-width of a peak is obtained from the highest peak among them. 
[0021] The index Y 1 calculated by the foregoing equation (II) shows an absorbing power of titanium oxide to visible 
light. A value of Yj is not less than about 0.075, preferably not less than about 0.1 1 0, and more preferably not less than 

40 about 0.145. 

[0022] The integrated value of absorbance means an area surrounded by the horizontal axis and the diffuse reflec- 
tion spectrum within the appointed wavelength range in the ultraviolet-visible diffuse reflection spectrum, provided that 
absorbance and wavelength are assigned to a vertical axis and a horizontal axis, respectively. The ultraviolet-visible dif- 
fuse reflection spectrum can be obtained by measurement using, for example, an ultraviolet- visible spectrophotometer 
45 and barium sulfate as a standard white board. 

[0023] Among titanium oxide in accordance with the present invention, preferred is that having a value of the index 
Z A calculated by the following equation (III) of not less than about 0.75, provided that its crystallite size is assigned as 

so Z,=Y,xE, (Ml) 

In this equation, Y-j is an index calculated by the equation (II). More preferred value of Z-j is not less than about 1 .50, 
and most preferred value of Z-, is not less than about 1 .80. The crystallite size, can be determined by obtaining a 
half-width of a peak and a peak position (Bragg angle) in the strongest interference line (Miller indices : 1 01 ) of titanium 
55 oxide with use of, for example, an X-ray diffractometer, and then by calculating according to Scherrer's equation. 

[0024] Among titanium oxide in accordance with the present invention, preferred is that having a value of the index 
Wi calculated by the following equation (IV) of not less than about 0.40, provided that a crystallite size and a degree of 
an atase crystal linity are assigned as and F 1p respectively. 
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W 1= Y t xE 1 xF, (IV) 

In this equation, Y A is an index calculated by the equation (II). More preferred value of W-, is not less than about 1.30, 
and most preferred value of W 1 is not less than about 1 .80. The degree of anatase crystallinity can be determined by 
5 obtaining a peak area in the strongest interference line (Miller indices : 1 01 ) of titanium oxide with use of, for example, 
an X-ray diffractometer. 

[0025] Titanium oxide (Ti0 2 ) in accordance with the present invention has a titanium atom a specific electron state. 
In order to show said electron state, the index V 1 calculated by the foregoing equation (V) is given, and its value is not 
more than about 0.97, preferably not more than about 0.93. 
10 [0026] In order to obtain the integrated spectrum, titanium oxide is firstly analyzed through the following second 
steps in this order with use of an X-ray photoelectron spectrometer, which uses carbon as a standard for determining a 
peak position. Here, a time required between the beginning of the first step and the completion of the second step is 
within 1 0 minutes, during which titanium oxide is not exposed in the air. 

is 1 st step : analyzing an electron state of titanium two times, provided that a time per analysis is 60 seconds (the first 

and second analyses), and 

2nd step : analyzing an electron state of oxygen two times, provided that a time per analysis is 56 seconds; ana- 
lyzing an electron state of carbon two times, provided that a time per analysis is 80 seconds; and analyzing an elec- 
tron state of titanium two times, provided that a time per analysis is 60 seconds (the third and forth analyses). 

20 

[0027] After that, X-ray photoelectron spectra are obtained as to respective analyses of from the first step to the 
second step, and thereafter, respective integrated spectra of an electron state of titanium are obtained as to the X-ray 
photoelectron spectrum in the first analysis and that in the second analysis. Similarly, respective integrated spectra of 
an electron state of titanium are obtained as to the X-ray photoelectron spectrum in the third analysis and that in the 
25 fourth analysis. 

[0028] A half-width of a peak is obtained from a peak of titanium present within a binding energy range of from 458 
eV to 460 eV in the integrated spectrum obtained above. When two or more peaks are found within the binding energy 
range of from 458 eV to 460 eV, a half-width of a peak is obtained from the highest peak among them. 
[0029] The index U-| calculated by the foregoing equation (VI) shows an absorbing power of titanium oxide to visible 

30 light. A value of is not less than about 0.14, preferably not less than about 0.16. 

[0030] The integrated value of absorbance means an area surrounded by the horizontal axis and the diffuse reflec- 
tion spectrum within the appointed wavelength range in the ultraviolet-visible diffuse reflection spectrum, provided that 
absorbance and wavelength are assigned to a vertical axis and a horizontal axis, respectively. The ultraviolet- visible dif- 
fuse reflection spectrum can be obtained by measurement using, for example, an ultraviolet-visible spectrophotometer 

35 and barium sulfate as a standard white board. 

[0031] Furthermore, titanium dioxide in accordance with the present invention has preferably anatase phase to 
exhibit a superior photocatalytic activity under visible light irradiation. 

[0032] Shape of titanium oxide in accordance with the present invention is not particularly limited, and may be var- 
ied depending on uses (including using processes). A particle form and a fibrous form are enumerated as examples of 

40 the shape. Titanium oxide in accordance with the present invention may be used in the form of a blend with other inor- 
ganic compounds, or in the form of a composite obtainable by heating said blend, as far as the photocatalytic activity 
exhibited under visible light-irradiation is not impaired. Examples of said other inorganic compounds are silica (Si0 2 ), 
alumina (Al 2 0 3 ), zirconia (Zr0 2 ), magnesia (MgO), zinc oxide (ZnO) and iron oxide (Fe 2 0 3 , Fe 3 0 4 ). 
[0033] Titanium oxide in accordance with the present invention can be produced, for example, by a process com- 

45 prising the steps of: 

(i) dissolving a commercially available titanium compound such as titanium oxy sulfate, titanium tetracloride, tita- 
nium tetracloride and titanium sulfate in water to obtain a solution, 

(ii) adding a base such as ammonia, urea, an amide compound, an amidine compound and an amine compound 
so to said solution while cooling to precipitate a solid, and 

(iii) calcining said solid to obtain titanium oxide. 

[0034] A photocatalyst in accordance with the present invention comprises titanium oxide of the present invention 
as a catalyst component. As the photocatalyst, there are enumerated a sheet-like photocatalyst obtained by extrusion- 
55 molding a mixture of titanium oxide in a particle form with a molding auxiliary; a sheet-like photocatalyst obtained by 
interweaving titanium oxide in a fibrous form with an organic fiber; and a photocatalyst obtained by coating or covering 
titanium oxide on a metal- or resin-made support. These photocatalysts may be used in combination with additives such 
as high molecular weight resins, molding auxiliaries, bonding agents, antistatic agents and absorbing agents. Alterna- 
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tively, these photocatalysts may be used in combination with other titanium oxide exhibiting a photocatalytic activity 
under ultraviolet light-irradiation. 

[0035] With respect to a method for using the photocatalyst in accordance with the present invention, there is enu- 
merated a method, wherein the photocatalyst and an object to be treated such as liquid to be treated and gas to be 
5 treated are placed in a glass vessel capable of transmitting visible light, and then are irradiated with visible light of wave- 
length of not less than 430 nm. An irradiation time with visible light is not particularly limited, and may be selected appro- 
priately depending on a strength of light in a light source and a kind and amount of a substance to be treated in the 
object to be treated. 

[0036] The light source is not particularly limited, and may be capable at irradiating light containing visible light of 
w wavelength of not less than 430 nm. Examples of the light source are sunlight, a fluorescent lamp, a halogen lamp, a 
black light, a xenon lamp and a mercury lamp. If desired, the light source may be equipped with an ultraviolet cut-off 
filter and/or an infrared cut-off filter. 

[0037] A photocatalytic coating agent in accordance with the present invention comprises the photocatalyst of the 
present invention and a solvent. The photocatalytic coating agent can be used to facilitate coating and covering of tita- 
15 nium oxide on a material such as building materials and car materials, and the surface of such materials coated or cov- 
ered with titanium oxide has a high photocatalytic activity. The solvent is not particularly limited. Preferred are those 
which evaporate easily after the coating orthe covering, in other words, those which hardly remain on the resulting film. 
Examples thereof are water, hydrochloric acid, alcohols and ketones. 

[0038] As a process for producing the photocatalytic coating agent in accordance with the present invention, there 
20 are enumerated a process wherein titanium oxide is dispersed in water to form a slurry; and a process wherein titanium 
oxide is subjected to peptization with acids. When dispersing titanium oxide in the solvent, if desired, a dispersing agent 
may be used. 

[0039] According to the present invention, there is provided titanium oxide, which exhibits a superior photocatalytic 
activity under not only ultrviolet light-irradiation but also visible light-irradiation. Said activity can be understood easily 
25 by a comparison between Example 1 and Comparative Example 1, or by a comparison between Example 2 and Com- 
parative Example 2, or by a comparison between Example 3 and Comparative Example 3, or by a comparison between 
Example 4 and Comparative Example 3. 

[0040] The surface of building materials or car materials, which is coated with the photocatalyst or the photocata- 
lytic coating agent in accordance with the present invention, is capable of decomposing NO x in the air, decomposing 
30 bad-smelling substances, for example cigarette-smelling substances, present in living space and working space, 
decomposing undesired substances present in water such as organic solvents, agricultural chemicals and surface 
active agents, and further suppressing proliferation of bacteria such as radiant bacteria, algae and moulds. 

Example 

35 

[0041] The present invention is illustrated in more detail with reference to the following Examples, which are only 
illustrative, and are not limitative for the scope of the present invention. 

[0042] The X-ray photoelectronic spectrophotometry spectrum of titanium oxide, the ultraviolet-visible diffuse 
reflection spectrum thereof, the crystallite size thereof, the degree of anatase crystallinity thereof and the photocatalytic 
40 activity thereof were measured according to the following methods. 

1 . X-ray photoelectronic spectrophotometry spectrum 

[0043] Measured using an apparatus of X-ray photoelectronic spectrophotometry, a trademark of XPS-7000 made 
45 by RIGAKU CORPORATION, and using the following X-ray source. 

(1) Mg was electron -irradiated at output of 8 kV and 30 mA, and the generated characteristic X-ray originated in 
of Mg was used. 

(2) Narrow scan was used as a mode of scan. 
50 (3) Pass E was adjusted to 10 eV. 

(4) Step E was adjusted to 0.04 eV. 

2. Ultraviolet and visible diffuse reflection spectrum 

55 [0044] Measured using an ultraviolet and visible spectrophotometer, a trademark of UV-2500PC made by Shi- 
madzu Corporation. 
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3. Crystallite size 

[0045] Using an X-ray diffractometer, a trademark of RAD-IIA made by RIGAKU CORPORATION, a half-width, p 
(radian), of a peak and a peak position 2 G (radian) in the peak of maximum intensity (Miller indices : 101) of titanium 
dioxide were obtained under the following conditions, followed by calculation according to the following equation (VII) 
(Scherrer's equation) to obtain the crystallite size, Ej. 



X-ray tubular bulb 

Tube voltage 
10 Tube electricity 

Divergent slit 

Scattering slit 

Light receiving slit 

Sampling width 
is Scanning speed 

Measuring integration frequency 



Cu 

40 kV 
35 mA 
1 degree 
1 degree 
0.30 mm 
0.020 degree 
2.00 degree / min. 
1 time 



E , (nm) = K • X / (p cos G ) (VII) 
In this equation, K is a constant 0.94, and X, is a measuring X-ray wavelength (CuK a -ray: 0.154056 nm). 
4. Degree of anatase crystallinity 



[0046] Using the same apparatus and measuring conditions as used in the above measurement of the crystallite 
size, a peak area in the peak of maximum intensity (Miller indices : 1 01) of titanium oxide was obtained to calculate the 
degree of anatase crystallinity. Here, an anatase-type titanium oxide, a trademark of STT-65C-S manufactured by 
TITAN KOGYOU KABUSHIKI KAISHA, was used as an authentic sample, and its degree of anatase crystallinity was 
30 assigned as 1 (100%). 

Example 1 

[0047] In a 1 -liter volume flask, 360 g of water was placed, and while stirring it, 90 g of titanium oxysuifate manu- 
35 factured by SOEKAWA CHEMICAL CO., LTD. was introduced therein and mixed to obtain a solution. While cooling the 
solution with ice water, 101 g of an aqueous 25% ammonia solution (special grade) manufactured by Wako Pure Chem- 
ical Industries, Ltd. was added dropwise thereto over 22 minutes, thereby precipitating a solid. The solid obtained was 
separated by filtration and dried. The dried product obtained was calcined in air at 350 °C for 1 hour to obtain a particle 
titanium oxide. A crystal structure of said titanium oxide obtained was found to be an anatase-type. Physical properties 
40 of said titanium oxide and X-ray photoelectronic spectrophotometry spectrum thereof are as shown in Table 1 and Rg. 
3, respectively. 

[0048] Successively, in a closed Pyrex glass-made reaction vessel having a diameter of 8 cm, a height of 10 cm 
and a volume of about 0.5 liter, a glass-made petri dish having a diameter of 5 cm was placed. A photocatalyst consist- 
ing of only the particle titanium oxide obtained above was put on the petri dish. The inside of the reaction vessel was 
45 filled with a mixed gas of oxygen and nitrogen in a volume ratio of 1 : 4, and thereafter 4.5 umol of acetaldehyde was 
put hermetically therein, followed by irradiation with visible light having wavelength of not less than 430 nm 
[0049] A lighting apparatus, A trademark of OPTICAL MODULEX SX-UI500XQ made by Ushio Inc was used as a 
light source. The apparatus was equipped with an ultraviolet cut-off filter, a trademark of Y-45 made by ASAHI TECHNO 
GLASS CORPORATION, which had spectral characteristics as shown in Fig. 1, an infrared light-cutting filter, a trade- 
so mark of SUPER COLD FILTER made by Ushio Inc., which had spectral characteristics as shown in Fig. 2, and a lamp 
(500W xenon lamp), a trademark of UXL-500SX made by Ushio Inc. A photocatalytic activity of the photocatalyst to act- 
aldehyde was evaluated in terms of concentration of carbon dioxide (an oxidative decomposition product of acetalde- 
hyde), which was generated under the irradiation, provided that said concentration was measured using a 
photoacoustic multi-gas monitor, 1312 type made by INNOVA. The production rate of carbon dioxide was found to be 
55 19.36 nmol/h • g-catalyst. 
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Example 2 

[0050] In a 500 ml volume eggplant-type flask, 70 g of water was placed, and while stirring it, 30 g of titanium 
oxysulfate manufactured by SOEKAWA CHEMICAL CO., LTD. was introduced therein and mixed to obtain a solution. 

5 Using an evaporator (60 °C), the solution was concentrated to reach 86.9% by weight in terms of titanium oxysulfate. 
While cooling the concentrated solution at -25°C in a freezer, 137 g of an aqueous 25% ammonia solution (special 
grade) manufactured by Wako Pure Chemical Industries, Ltd. was added dropwise thereto over 5 seconds, thereby pre- 
cipitating a solid. The solid obtained was separated by filtration and dried. The dried product obtained was calcined in 
air at 400 °C for 1 hour to obtain a particle titanium oxide. A crystal structure of said titanium oxide obtained was found 

10 to be an anatase-type. Physical properties of said titanium oxide and X-ray photoelectronic spectrophotometry spec- 
trum thereof are as shown in Table 1 and Fig. 4, respectively. 

[0051 J Successively, in a manner similar to that of Example 1 , a photocata lytic activity of said titanium oxide to act- 
aldehyde was evaluated. The production rate of carbon dioxide was found to be 43.15 umol/h * g-catalyst. 

15 Comparative Example 1 

[0052] p-Trtanium hydroxide manufactured by KISHIDA CHEMICAL CO., LTD. was calcined in air at 400°C for 1 
hour to obtain titanium oxide. Crystal structure of said titanium oxide was found to be an anatase-type. Physical prop- 
erties of said titanium oxide and X-ray photoelectronic spectrophotometry spectrum thereof are as shown in Table 1 and 
20 Fig. 5, respectively. 

[0053] Successively, in a manner similar to that of Example 1 , a photocatalytic activity of said titanium oxide to act- 
aldehyde was evaluated. The production rate of carbon dioxide was found to be 0.93 umol/h per g of catalyst. 

Comparative Example 2 

25 

[0054] Example 1 was repeated, except that a photocatalyst consisting of only titanium oxide, a trademark of P-25 
manufactured by DEGUSSA CORPORATION was used. The production rate of carbon dioxide was found to be 0.0 
umol/h • g-catalyst. Physical properties of said titanium oxide and X-ray photoelectronic spectrophotometry spectrum 
thereof are as shown in Table 1 and Fig. 6, respectively. 

30 

Example 3 

[0055] In a 0.3-liter volume flask, 1 00 g of a 20% titanium trichloride solution (special grade) manufactured by Wako 
Pure Chemical was placed, and then stirred in nitrogen atmosphere. While cooling the solution with ice water, 141 g of 

35 an aqueous 25% ammonia solution (special grade) manufactured by Wako Pure Chemical Industries, Ltd. was added 
dropwise thereto over 30 minutes, thereby precipitating a solid. The solid obtained was separated by filtration, washed 
and dried. The dried product obtained was calcined in air at 400 °C for 1 hour to obtain a particle titanium oxide. A crys- 
tal structure of said titanium oxide obtained was found to be an anatase-type. Physical properties of said titanium oxide 
and X-ray photoelectronic spectrophotometry spectrum thereof are as shown in Table 2 and Fig. 7, respectively. 

40 [0056] Successively, in a closed Pyrex glass-made reaction vessel having a diameter of 8 cm, a height of 10 cm 
and a volume of about 0.5 liter, a glass-made petri dish having a diameter of 5 cm was placed. A lighting apparatus, a 
trademark of UI-502Q (starter : XB-50101 AA-A) made by Ushio Inc., was used as a light source. The apparatus was 
equipped with an ultraviolet cut-off filter, a trademark of Y-45 made by ASAHI TECHNO GLASS CORPORATION, which 
had spectral characteristics as shown in Fig. 1 and a lamp (500W xenon lamp), a trademark of UXL-500D made by 

45 Ushio Inc. A photocatalyst consisting of only the particle titanium oxide obtained above was put on the petri dish. The 
inside of the reaction vessel was filled with a mixed gas of oxygen and nitrogen in a volume ratio of 1 : 4, and thereafter 
38 u,mol of acetaldehyde was put hermetically therein, followed by irradiation with visible light having wavelength of not 
less than 430 nm. A photocatalytic activity of the photocatalyst to actaldehyde was evaluated in terms of concentration 
of carbon dioxide (an oxidative decomposition product of acetaldehyde), which was generated under the irradiation, 

so provided that said concentration was measured using a gas chromatograph (Shimadzu corporation). The production 
rate of carbon dioxide was found to be 23.4 u,mol/h • g-catalyst. 

Example 4 

55 [0057] In a 0.3-liter volume flask, 25 g of a titanium tetrachloride solution (special grade) manufactured by Wako 
Pure Chemical Industries, Ltd. was placed, and then stirred. While cooling the solution with ice water, 36 g of an aque- 
ous 25% ammonia solution (special grade) manufactured by Wako Pure Chemical Industries, Ltd. was added dropwise 
thereto over 5 minutes, thereby precipitating a solid. The solid obtained was separated by filtration, washed and dried. 
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The dried product obtained was calcined in air at 400 °C for 1 hour to obtain a particle titanium oxide. A crystal structure 
of said titanium oxide obtained was found to be an anatase-type. Physical properties of said titanium oxide and X-ray 
photoelectronic spectrophotometry spectrum thereof are as shown in Table 2 and Fig. 8, respectively. 
[0058] Successively, in a manner similar to that of Example 3, a photocatalytic activity of said titanium oxide to act- 
5 aldehyde was evaluated. The production rate of carbon dioxide was found to be 0.75 \m\o\/h • g-catalyst. 

Comparative Example 3 

[0059] Example 3 was repeated, except that a photocatalyst consisting of only titanium oxide, a trademark of P-25 
io manufactured by DEGUSSA CORPORATION was used. This titanium oxide had anatase and rutile phases. The pro- 
duction rate of carbon dioxide was found to be 0.3 umol/h • g-catalyst. Physical properties of said titanium oxide and 
X-ray photoelectronic spectrophotometry spectrum thereof are as shown in Table 2 and Rg. 9, respectively. 

Example 5 

75 

[0060] The particle titanium oxide obtained in Example 1 is dispersed in water to prepare a photocatalytic coating 
agent The resulting photocatalyst coating agent is coated to car glass and then dried, and thereby it is observed that 
a layer of said titanium oxide is uniformly formed on the surface of car glass. 

20 

Table 1 



25 





Example 1 


Example 2 


Comparative 
Example 1 


Comparative 
Example 2 


Index X, (=3^*,) 


0.77 


0.83 


0.86 


0.99 


Half-width A, (eV) 


2.20 


1.71 


1.51 


1.34 


Half-width B-j (eV) 


1.70 


1.42 


1.30 


1.33 


Index Y n (=D 


0.183 


0.260 


0.027 


0.065 


Integrated value C-j of absorb a nee 


208.3 


218.9 


184.4 


177.9 


Integrated value D-j of absorbance 


38.1 


56.9 


5.0 


11.6 


Index 2 1 (=Y 1 xE 1 ) 


3.36 


3.51 


0.20 


1.35 


Crystallite size E1 (nm) 


18.37 


13.50 


7.49 


20.79 


Index (=Y 1 xE 1 xF 1 ) 


1.11 


2.53 


0.13 


0.97 


Degree of anatase crystal Unity (-) 


0.331 


0.722 


0.630 


0.718 


Production rate of C0 2 (u. mol/h • g - 
catalyst) 


19.36 


43.15 


0.93 


0.0 



Table 2 





Example 3 


Example 4 


Comparative Example 3 


Peak position of the integrated spectrum of first and second 
analysis 


458.7 


458.2 


458.2 


Index V 1 (=H 1 /G 1 ) 


0.64 


0.92 


0.99 


Half-width G-j (eV) 


2.43 


1.45 


1.34 


Peak position of the integrated spectrum of third and fourth 
analysis 


458.3 


458.2 


458.2 


Half-width H n (eV) 


1.56 


1.34 


1.33 


Index U 1 (=J .,/!,) 


0.196 


0.119 


0.126 
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Table 2 (continued) 





Example 3 


Example 4 


Comparative Example 3 


Integrated value 1^ of absorbance 


295.6 


263.9 


246.4 


Integrated value J 1 of absorbance 


57.8 


31.4 


31.0 


Production rate of C0 2 ( u mol/h • g -catalyst) 


23.4 


0.75 


0.3 



Claims 

10 

1. Titanium oxide having an index calculated by the following equation (I): 

X 1 = B 1 /A 1 (I) 

15 of not more than about 0.90, and 

an index Y 1 calculated by the following equation (II): 

Y^D^C, (II) 

20 of not less than about 0.075, 

wherein A 1 and represent respective half-widths of peaks, which are obtained by the process consisting of the 
steps: 

(i) analyzing titanium oxide eight times according to an X-ray photoelectron spectroscopy, 
25 (ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and 

the second analysis, 

(iii) obtaining a half -width, A 1( of a peak within a binding energy range of from 458 eV to 460 eV with respect 
to the integrated spectrum obtained in the above step (ii), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above seventh analysis and 
30 the eighth analysis to obtain a half-width, B-| , of a peak, 

C 1 represents the integrated value of absorbance within a wavelength range of from 250 nm to 550 nm in 
measurement of an ultraviolet-visible diffuse reflection spectrum of titanium oxide, and 
D-i represents the integrated value of absorbance of titanium oxide within a wavelength range of from 400 
35 nm to 550 nm. 

2. Titanium oxide according to claim 1 having an index Z 1 calculated by the following equation (III): 

Z 1 =Y 1 xE 1 (Ml) 

40 

of not less than about 0.75, 

wherein Y-] is as defined in claim 1 and E-| represents the crystallite size of titanium oxide. 

3. Titanium oxide according to claim 2 having an index \N A calculated by the following equation (IV): 

45 

W, = Y, x E n x F n (IV) 

of not less than about 0.40, 

wherein is as defined in claim 1 , E-, is as defined in claim 2, and F 1 represents the degree of anatase crystallinity 
so of titanium oxide. 

4. Titanium oxide having an index V 1 calculated by the following equation (V): 

V^H^G, (V) 

55 

of not more than about 0.97, 

wherein G 1 and H A represent respective half-widths of peaks, which are obtained by the process consisting of the 
steps: 
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(i) analyzing titanium oxide four times according to an X-ray photoelectron spectroscopy, 

(ii) obtaining an integrated spectrum of an electron state of titanium with respect to the above first analysis and 
the second analysis, 

(iii) obtaining a half-width, G 1( of a peak within a binding energy range of from 458 eV to 460 eV with respect 
5 to the integrated spectrum obtained in the above step (ii), and 

(iv) carrying out the same steps as the above steps (ii) and (iii) with respect to the above third analysis and the 
fourth analysis to obtain a half -width, H 1( of a peak. 

5. Titanium oxide according to claim 4 having an index \J A calculated by the following equation (VI): 

10 

U,=J,/\, (VI) 

of not less than about 0.14, 

wherein ^ represents the integrated value of absorbance within a wavelength range of from 220 nm to 800 nm in 
15 measurement of an ultraviolet-visible diffuse reflection spectrum of titanium oxide, and 

J t represents the integrated value of absorbance of titanium oxide within a wavelength range of from 400 nm 
to 800 nm. 

20 6. Titanium oxide according to claim 4, wherein said titanium has anatase phase. 

7. Titanium oxide according to claim 5, wherein said titanium has anatase phase. 

8. A photocatalyst comprising titanium oxide as claimed in any one of claims 1 to 7 as a catalyst component. 

9. A photocatalytic coating agent, which comprises: 

(i) a solvent; and 

(ii) a photocatalyst comprising titanium oxide as claimed in any one of claims 1 to 7 as a catalyst component. 

10. A material coated with a photocatalyst as claimed in claim 8 or photocatalytic coating agent as claimed in claim 9. 

11. Use of titanium oxide as claimed in any one of claims 1 to 7 as a photocatalyst. 

35 
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